Let us assume that initially there is only one excitation in the system and that the environment modes are empty. Then the initial state can be written as |ψ(0) = (α 0 |a + β 0 |b + µ 0 |m ) ⊗ |{0} .
(S.1)
Since the excitation number is conserved, the state at any later time is |ψ(t) =(α(t) |a + β(t) |b + µ(t) |m ) ⊗ |{0} +
where |1 j = a † j |{0} is the state with one excitation in the jth mode of the environment. Equivalently, the state in density matrix form ρ(t) after taking the partial trace over the environmental degrees of freedom from equation (S.2) is
Schrödinger equation now leads to the following set of coupled differential equations for the coefficientṡ
From the above equations we can directly solve for two coefficients
(S.10)
To proceed, we use the following transformation to decouple equations (S.7) and (S.8)
which leads to differential equations that can be integrated directlẏ
Integrating the above equations and solving for β j and µ j from equation (S.11) yields
dt 1 e i(ωj −∆0)t1 cos(g(t − t 1 ))α(t 1 ) (S.14)
Now we can insert the solution for β j to the differential equation for α, which leads tȯ
To proceed from here we approximate the state of the environment with a continuous distribution of modes, whose spectral density is given by the function J(ω). The approximation amounts to the replacement
With this, the equation for α becomeṡ
Let us assume that the form of the spectral density is a Lorentzian
where
The form of the spectral density function could be almost anything, but this choice makes the calculations fairly simple. By controlling the parameters γ and λ, which are basically the height and width of the Lorentzian, we can switch between Markovian and non-Markovian behavior of the system. We can now evaluate the integral in equation (S.17) and obtain
Let us denote
and denote t − t 1 = τ . Then the Laplace transform of F is
Laplace transforming the differential equation for α we get
which combined with equation (S.22) leads tõ
Denoting the three roots of the denominator with s i and taking the inverse transform, we solve for
dt 2 e −λ|t1−t2| α(t 1 )α * (t 2 ) sin(g(t − t 1 )) sin(g(t − t 2 )) (S. 
